The Drosophila egg chamber is composed of a germline cyst that is surrounded by a somatic follicular epithelium. The cells of the germline consist of 15 nurse cells and 1 oocyte, which are all connected by cytoplasmic bridges. Polarisation of the oocyte is dependent on its MT cytoskeleton (reviewed in Riechmann and Ephrussi, 2001) . After stage 7 of oogenesis, MT density in the oocyte is high at the anterior and lateral cortex, while the posterior pole shows a low MT density (Cha et al., 2001). Consistent with this, several markers for the cTubulin ring complex localise to the cortex of the oocyte indicating the presence of the MT minus ends (Cha et al., 2002) . The oocyte nucleus is located in the dorsal anterior corner of the oocyte, and the identification of a centrosome close to it led to a model in which MTs that polymerise at the centrosome are subsequently released and transported to the cortex (Januschke et al., 2006) . Analysis of MT organisation at the level of individual MTs does not show a clear anterior-posterior polarisation within the MT network (Cha et al., 2001). However, the accumulation of the MT plus end marker Kinesin-bgal at the posterior pole of the oocyte indicates that MT plus ends are more abundant at the oocyte posterior (Clark et al., 1994 ). An anterior-posterior polarisation of the MT cytoskeleton is also supported by the MT dependent transport of the axis determinants to the poles of the oocyte. 
Introduction
The Drosophila egg chamber is composed of a germline cyst that is surrounded by a somatic follicular epithelium. The cells of the germline consist of 15 nurse cells and 1 oocyte, which are all connected by cytoplasmic bridges. Polarisation of the oocyte is dependent on its MT cytoskeleton (reviewed in Riechmann and Ephrussi, 2001) . After stage 7 of oogenesis, MT density in the oocyte is high at the anterior and lateral cortex, while the posterior pole shows a low MT density (Cha et al., 2001) . Consistent with this, several markers for the cTubulin ring complex localise to the cortex of the oocyte indicating the presence of the MT minus ends (Cha et al., 2002) . The oocyte nucleus is located in the dorsal anterior corner of the oocyte, and the identification of a centrosome close to it led to a model in which MTs that polymerise at the centrosome are subsequently released and transported to the cortex (Januschke et al., 2006) . Analysis of MT organisation at the level of individual MTs does not show a clear anterior-posterior polarisation within the MT network (Cha et al., 2001) . However, the accumulation of the MT plus end marker Kinesin-bgal at the posterior pole of the oocyte indicates that MT plus ends are more abundant at the oocyte posterior (Clark et al., 1994 ). An anterior-posterior polarisation of the MT cytoskeleton is also supported by the MT dependent transport of the axis determinants to the poles of the oocyte. oskar mRNA localisation to the posterior pole of the oocyte is dependent on the plus end directed 0925-4773/$ -see front matter Ó 2007 Elsevier Ireland Ltd. All rights reserved. doi:10.1016/j.mod.2007.09. 008 motor Kinesin (Brendza et al., 2000) . On the other hand, the minus end directed motor Dynein is involved in the transport of bicoid mRNA to the anterior pole, and gurken mRNA to the oocyte nucleus (Schnorrer et al., 2000; Duncan and Warrior, 2002; Januschke et al., 2002) . Although the exact mechanisms by which these mRNAs are transported are still unclear, it is well established that their localisation requires a polarised MT cytoskeleton.
During late oogenesis, the mechanism of mRNA localisation changes due to the reorganisation of the MT cytoskeleton. This reorganisation coincides with the onset of fast streaming of the oocyte cytoplasm. Prior to stage 10b, only slow and poorly ordered MT-based steaming occurs, but at stage 10b fast and well ordered streaming begins. It has been shown in living oocytes that the transition from fast to slow streaming is accompanied by the formation of loose MT arrays that run parallel to the oocyte cortex (Serbus et al., 2005) . Kinesin heavy chain (Khc) mutants abolish streaming supporting the idea that the concerted movement of multiple Kinesin cargos along parallel MTs with the same orientation exerts force on the cytoplasm that results in fast streaming (Palacios and Johnston, 2002; Serbus et al., 2005) .
Shortly after onset of ooplasmic streaming, the content of the nurse cells is rapidly transferred into the oocyte in a process called dumping. The fast streaming of the ooplasm facilitates the dispersal of the nurse cell cytoplasm transferred into the oocyte. It has been shown that streaming is essential for the posterior accumulation of the axis determinant nanos mRNA (Forrest and Gavis, 2003) . Similarly, oskar mRNA can be localised by ooplasmic streaming (Glotzer et al., 1997) . These transcripts are produced in the nurse cell and enter the oocyte in huge amounts during dumping, and it has been proposed that they are localised by a trapping mechanism. The proposed mechanism relies on the streaming mediated movement of the mRNAs, and their trapping by localised anchors at the poles of the oocyte.
Although it is not known how ooplasmic streaming is triggered, it is clear that the actin cytoskeleton plays a central role in the onset of this process. This is revealed by the premature onset of ooplasmic streaming after disruption of the actin cytoskeleton by cytochalasin D treatment (Manseau et al., 1996) . In addition, mutations in the actin binding proteins Capu, Spire and Profilin show premature MT reorganisation and onset of ooplasmic streaming (Theurkauf, 1994; Emmons et al., 1995; Manseau et al., 1996) . In these mutants fast streaming starts before the axis determinants and their proposed anchors are localised to the poles of the oocyte. Thus, premature onset of streaming prevents the establishment of the body axis. It is unclear how the actin cytoskeleton regulates the onset of fast streaming, and how the actin and the MT cytoskeleton are spatially connected.
Results

The organisation of the oocyte cytoskeleton at stage 9/ 10a
To identify reagents that allow a better visualisation of the oocyte cytoskeleton we used an antibody that recognises the tyrosinated form of aTubulin (Wehland et al. 1983) . Egg chambers stained with this antibody reveal a strong signal at the oocyte cortex, while the signal intensity in the follicular epithelium surrounding the oocyte is low (Fig. 1C ). This allows a high resolution of the MTs at the oocyte cortex due to the absence of interfering signal from the epithelial cells. In contrast, an antibody that recognises both, tyrosinated and detyrosinated, aTubulin gives a strong signal in the follicle cells and in the oocyte (Fig. 1B) . As dynamic MT are thought to be tyrosinated, while stable MTs are detyronisated (see Idriss, 2000 for review) , this result suggests that the majority of the MTs in the oocyte are more dynamic and less stable than the majority of the MTs in the follicular epithelium. A popu- Fig. 1 -MT tyrosination in the oocyte and in the follicular epithelium. Saggital section of a stage 9 oocyte stained with an antibody recognising tyrosinated as well as detyrosinated aTubulin (Sigma, clone DM 1A) (B) and with an antibody that recognises only tyrosinated Tubulin (SeroTec, clone YL 1/2) (C). An overlay of the two channels is shown in (A). Scale bar: 25 lm. lation of MTs in the anterior centre of the oocyte is not detectable with the anti-Tyrosin Tubulin antibody (green staining in Fig. 1A ). It is not clear whether this absence of staining reflects the absence of Tubulin tyrosination or the inability of the antibody to penetrate into the centre of the oocyte.
To examine the spatial organisation of the oocyte cytoskeleton from a different angle we made cross sections of individual egg chambers stained for markers of the actin and the MT cytoskeletons. To obtain cross sections of fluorescently labelled oocytes we applied a method developed to section Drosophila embryos to egg chambers (see Section 4.4). cTubulin has been shown to localises to the minus ends of MTs (Moritz et al. 1995) . To identify the MTs minus ends in the oocyte we used an antibody against cTubulin. Analysis of the MT cytoskeleton of stage 9/10a oocytes reveals a continuous layer of cortical cTubulin confirming localisation of the MT minus ends at the oocyte cortex ( Fig. 2A and C) . To determine the localisation of the MT minus ends in respect to the actin cytoskeleton and the MT network we additionally stained the egg chambers for F-actin with phalloidin and with the antibody against tyrosinated Tubulin. We detected a dense MT network interior to the cortical cTubulin staining ( Fig. 2A) . We also analysed the architecture of the cytoskeleton by measurements of the intensity of the fluorescent signal from the cortex to the oocyte interior (six samples have been analysed; a representative example is shown in Fig. 2A and A 0 ). Notably, overlays of the cTubulin and the F-actin signal reveal a close proximity of the MT minus ends with the actin cortex. Within this cortical layer cTubulin and F-actin reveal differences in their structure: while cTubulin forms a continuous homogenous layer (Fig. 2C ), F-actin is more filamentous and has several gaps (arrowheads in Fig. 2B ).
To gain a better resolution of the structure of the cortical layer we made optical sections at the level of the oocyte cortex. Due to the conical shape of the oocyte these sections cut successively four structures in anterior to posterior direction: (a) the inside of the oocyte, (b) subcortical, (c) cortical layers of the oocyte and (d) the follicle cells (Fig. 2L) . In cortical sections the cTubulin signal appears homogeneous without a defined structure, while the actin cytoskeleton shows a well defined arrangement ( Fig. 2N and O). F-actin is organised in long structures that are aligned in parallel (Figs. 2N and 3D, D 0 ).
These long structures have not been analysed at an ultrastructural level, and it is not known how the actin filaments are crosslinked. As their organisation is reminiscent of bundles we call these structures ''actin bundles''. Taken together, at stage 9/10a the actin cytoskeleton of the oocyte is assembled into long bundles, and the MT minus ends reside among these bundles.
To visualise the polarisation of the cytoskeleton along the anterior-posterior axis we projected 50 sections ranging from the centre to the cortex of the oocyte into a single layer. These projections confirm that MT density is very low at the posterior pole of the oocyte. Otherwise, no clear orientation of the MT network is detectable in these projections (Fig. 3A) . This is in contrast to the actin bundles, which are predominantly oriented in an anterior posterior orientation (Fig. 3B ).
2.2.
Changes in the oocyte cytoskeleton at stage 10b
The above described organisation of the MT cytoskeleton changes dramatically at stage 10b when the MTs form loose parallel arrays required for fast streaming of the cytoplasm (arrow in Figs. 2H and 3E). It is not clear where the MT minus ends are located during streaming. To address this question we made cross sections of stage 10b egg chambers. At this stage the thin and dense cortical cTubulin layer is no longer present, and instead a broad and more diffuse subcortical layer has developed (seven samples have been analysed; a representative example is shown in Fig. 2G , E and J). Thus, the MT minus ends redistribute from the cortex to subcortical regions concomitantly with the formation of MT arrays at the onset of streaming.
As cTubulin distribution suggests that MT minus ends are concentrated within the actin cortex before stage 10a we next examined whether the change in cTubulin localisation is accompanied by structural changes in the actin cytoskeleton. Strikingly, at stage 10b the actin cortex becomes thinner (Fig. 2F) , and the actin bundles resolve into actin patches and thin filaments with random orientation (Fig. 3F and F 0 ).
Thus, concomitantly with the onset of fast cytoplasmic steaming the organisation of the actin cortex and cTubulin localisation change. This raises the possibility that the actin organisation is responsible for the change in the localisation of the MT minus ends.
Cortical localisation of the MT minus ends is dependent on actin bundling
To examine the role of the actin bundles for the cortical localisation of the MT minus ends at stage 9/10a we interfered with bundle formation by treating egg chambers with latrunculin A. We tested if latrunculin A treatment of egg chambers results in premature cytoplasmic streaming by time lapse fluorescence microscopy of endosomes. We injected the drug into the abdomen of wild type females and observed after dissection a strong increase in the speed of endosome movement in stage 9/10a oocytes (see Section 4.6). In addition, endosomes show a more unidirectional movement after drug treatment compared to wild type oocytes (compare Supplementary movies 1 and 2). This indicates that latrunculin A treatment induces premature ooplasmic streaming.
To analyse the organisation of the oocyte cytoskeleton after treatment we incubated dissected ovaries in latrunculin A containing medium before fixation and staining. Under these conditions drug treatment resulted in 45% (n = 33) stage 10a egg chambers lacking actin bundles, while in 40% bundling was not affected. In those oocytes lacking actin bundles the actin cortex is not completely disrupted but resembles the actin cortex of untreated stage 10b oocytes (compare Figs. 4D and 3F) . Remarkably, only oocytes in which actin bundles were absent formed subcortical MT arrays indicative of ooplasmic streaming (Fig. 4C and D) , while oocytes with intact actin bundles showed a normal MT cytoskeleton ( Fig. 3A and  B) . Thus, the actin bundles appear to prevent the onset of streaming. To test whether the destruction of the actin bundles results in a premature redistribution of the MT minus ends from the cortex to subcortical regions we made cross sections. We found that cTubulin redistributes indeed prematurely subcortically at stage 9/10a, when MT arrays indicative of ooplasmic streaming are formed ( Fig. 5C and D) . This suggests that the actin bundles anchor the MT minus ends at the cortex.
To examine the role of the actin cortex for the localisation of MT minus ends independently of drug treatment we interfered with actin organisation by UAS-Gal4 induced expression of GFP tagged actin5C. Expression of this transgene with the nanos-Gal4-VP16 driver has been reported to perturb mitotic divisions in the female germline suggesting that overexpression of GFPactin5C interferes with the formation of the contractile ring during germ cell cytokinesis (Rö per et al., 2005) . To test whether GFPactin5C expression interferes also with the formation of cortical actin bundles, we used a different driver. We found that expression driven by maternal-tubulinGal4 does not affect germline cell division, and allows the development of oocytes with a normal size. When expression was induced at 25°C, all examined stage 9/10a oocytes (n = 25) formed cortical MT arrays indicating premature onset of cytoplasmic streaming (Fig. 4E) . Consistent with this, we observed that the MT minus ends are prematurely released into subcortical regions (Fig. 5F ). We confirmed that this reorganisation of the MT cytoskeleton is accompanied by premature streaming of the oocyte cytoplasm (see Supplementary movie 3). Importantly, analysis of the actin cytoskeleton showed that GFPactin5C expression also abolishes the formation of cortical actin bundles. The actin cortex of these oocytes resembles those of wild type stage 10b oocytes (Fig. 4F) . It is not clear how the overexpression of GFPactin5C affects the formation of the cortical actin bundles. We speculate that the fusion of the GFP protein to the actin5c monomer interferes with the binding of proteins crosslinking the actin filaments to form actin bundles. In summary, interfering with bundle formation by overexpression of GFP-actin or by drug treatment leads to the redistribution of cTubulin from the cortex to subcortical regions. This indicates that actin bundling at the oocyte cortex is essential for anchoring of the MT minus ends.
2.4.
Profilin is required for actin bundle formation
Our data indicate a connection between the cortical actin bundles and the regulation of cytoplasmic streaming. Premature streaming has been reported for capu, spire and chickadee (chic) mutants. As all genes encode actin binding proteins they are good candidates to be involved in the formation of the actin bundles. chic codes for Profilin, a protein that binds actin monomers (Cooley et al., 1992) . We analysed the strong allele chic
1320
, for which a highly penetrant streaming phenotype has been shown, and confirmed the previously reported presence of MT arrays at stage 10a (Manseau et al., 1996 and Fig. 4G ). In addition, cross section reveal that cTubulin redistributes to subcortical regions already at stage 10a (Fig. 5J) . Strikingly, in all analysed chic mutant oocytes in which the premature formation of MT arrays was clearly detectable actin bundles were absent (Table 1) . Instead, the actin cortex resembles that of wild type oocytes after onset of streaming (Fig 4H) . Thus, Profilin is required for actin bundle formation and cortical anchoring of the MT minus ends.
Capu and Spire act downstream of actin bundling
We next examined the cytoskeleton of capu and spire mutants, which show a fully penetrant streaming phenotype (Theurkauf, 1994; Emmons et al., 1995; Manseau et al., 1996) . Capu contains formin homology domains and Spire a WASP homology 2 domain (Emmons et al., 1995; Wellington et al., 1999; Quinlan et al., 2005) . Both domains are implicated in F-actin nucleation suggesting that Capu and Spire are involved in the nucleation of cortical actin bundles. This is supported by the finding that Spire is able to nucleate actin filaments in vitro (Quinlan et al., 2005) . An alternative hypothesis is that Capu and Spire crosslink MT and F-actin bundles at the oocyte cortex. Consistent with this, it has been shown that Capu and Spire are able to mediate crosslinking of MTs and F-actin filaments in vitro (Rosales-Nieves et al., 2006) . To distinguish between these alternatives we examined the cytoskeleton of the mutants. As expected, cTubulin prematurely redistributes to subcortical regions and subcortical MT arrays form in capu and spire mutants (Figs. 4I, K and 5H and data not shown). Importantly, optical sections at the oocyte cortex of capu and spire mutant oocytes reveal that actin bundling at stage c 9/10b is not affected (Fig. 4J , L and Table 1 ). Thus, Capu and Spire act downstream of actin bundling indicating that premature streaming in the mutants is the consequence of impaired MT anchoring within the cortical actin bundles.
Streaming is not required for MT minus ends redistribution
It is not clear to what extent fast cytoplasmic streaming contributes to the reorganisation of the oocyte cytoskeleton after stage 10a. Although the formation of MT arrays in parallel to the oocyte cortex seems to be critical for fast streaming (Serbus et al., 2005) , it is not known if MT array formation is the cause or the consequence of fast streaming. The redistribution of cTubulin to subcortical regions provides a new maker to dissect the cytoskeletal rearrangements during streaming.
To examine at what level streaming acts in the reorganisation of the oocyte cytoskeleton we analysed homozygous Khc null (Khc 27 ) mutant oocytes in germline mosaics. In these germline clones cytoplasmic streaming is abolished (Palacios and Johnston, 2002; Serbus et al., 2005) . We first confirmed that the formation of cortical actin bundles is not affected in Khc mutants ( Fig. 6A) . Moreover, cTubulin is correctly localised in stage 10a oocytes demonstrating that MT minus ends are anchored at the oocyte cortex (Fig. 6B) . Importantly, cross sections of stage 10b oocytes reveal that cTubulin redistributes into subcortical regions in Khc mutants (Fig. 6D) . Thus, MT minus ends redistribute normally in the absence of streaming. Consistent with previous results we found that the formation of MT arrays is abolished in Khc mutants (Serbus et al., 2005 and Fig. 6C ).
We therefore conclude that the redistribution of the MT minus ends to subcortical regions can occur independently of streaming, while the formation of MT arrays requires streaming.
Discussion
Cytoskeletal rearrangements at the onset of fast cytoplasmic streaming
In this study, we report the existence of actin bundles at the cortex of the oocyte which are involved in the cortical localisation of cTubulin. cTubulin is part of the cTubulin ring complex that is stabilising the minus ends of MTs (Zheng et al., 1995) . The presence of cTubulin alone does not allow to distinguish whether the protein is part of a microtubule organising centre (MTOC) that nucleates MTs or whether it only protects existing MTs from depolymerisation. Here, we use cTubulin solely as a maker for the MT minus ends, and show that these are embedded within the cortical actin bundles before stage 10b.
The cytoskeletal rearrangements at stage 10b include the disassembly of the cortical actin bundles, the redistribution of the MT minus ends from the cortex to subcortical regions and the formation of MT arrays parallel to the oocyte cortex. Concomitantly with these cytoskeletal changes, the transition from slow to fast cytoplasmic streaming is triggered. What is the causal relationship between these events? The finding that interfering with actin bundle formation by drug treatment and GFPactin5c overexpression results in MT minus ends redistribution, MT array formation and premature fast streaming indicates that actin bundling acts upstream of MT reorganisation and streaming. The analysis of Khc mutants allows to further dissect the subsequent steps reorganising the MT cytoskeleton. In the absence of streaming, caused by the loss of Khc function, the redistribu- Actin bundles detected 89% (n = 40) 0% (n = 0) 90% (n = 45) 86% (n = 44) No actin bundles detected 11% (n = 5) 100% (n = 24) 10% (n = 5) 14% (n = 7)
Egg chambers were stained with phalloidin and anti-Tyrosin Tubulin to visualise the actin and MT cytoskeletons. For chic, capu and spire mutants only those egg chambers were counted, in which MT arrays indicative of premature ooplasmic streaming had been unambiguously detected.
tion of MT minus ends occurs normally, while the formation of MT arrays is abolished. Thus, minus end redistribution is upstream of streaming, and array formation is downstream. We therefore propose that streaming is initiated by the disassembly of the cortical actin bundles resulting in loss of cortical MT minus end anchoring. We further propose that the redistribution of the minus ends to subcortical regions is important for the reorganisation of the MT cytoskeleton into arrays that run parallel to the oocyte cortex. At this step a previously suggested self amplifying loop could be initiated, in which MT array formation and Kinesin movement enhance each other. In this loop the Kinesin driven streaming helps to sweep MTs into parallel arrays, which in turn allow more robust currents in the cytoplasm (Serbus et al., 2005) .
3.2.
The role of chic, spire and capu in reorganisation of the cytoskeleton How do the actin binding proteins Capu, Spire and Profilin act on the oocyte cytoskeleton to prevent premature cytoplasmic streaming? We show that chic/Profilin mutants and latrunculin A treatment both interfere with bundle formation. Latrunculin A treatment inhibits actin polymerisation by binding to and sequestering actin monomers. Profilin is involved in actin polymerisation by delivering actin monomers to the growing ends of actin filaments (Goode and Eck, 2007) . Thus, latrunculin A and Profilin mutants appear to interfere with bundling by limiting the pool of monomers that can be added to growing actin filaments. In contrast, capu and spire mutants are not required for the formation of actin bundles. We propose that Capu and Spire anchor the MT minus ends in a scaffold provided by the cortical actin bundles (Fig. 7A) . The lack of Capu and Spire activity in the mutants prevents cortical MT anchoring and allows streaming in the presence of actin bundles. This model is supported by the work of Rosales-Nieves et al. (2006) who have shown that Capu and Spire proteins are able to crosslink F-actin and MTs in vitro, and that both proteins localise to the oocyte cortex.
The regulation of fast ooplasmic streaming could be controlled at the level of the cortical localisation of Capu and Spire. The displacement of the two proteins from the cortex at stage 10b might result in loss of MT minus end anchoring, and thereby induce fast streaming. To test this we analysed the localisation of GFP-Capu and GFP-Spire in cross sections of oocytes. However, we could not detect any difference in the localisation of the two proteins before and after onset of fast streaming. In addition, we did not observe a displacement of GFP-Capu and GFP-Spire after induction of premature streaming by latrunculin A treatment (Fig. S1) . Thus, Capu and Spire activities are not regulated at the level of their localisation.
A different mode of Capu and Spire regulation is suggested by their genetic and biochemical interaction with Rho1 (Magie et al., 1999; Wellington et al., 1999) . This interaction led to a model in which Rho1 initiates fast streaming by regulating the crosslinking activities of Capu and Spire (Rosales-Nieves et al., 2006) . We show that the prevention of streaming requires not only capu and spire but also the presence of actin bundles. The formation of these bundles occurs, however, independently of capu and spire. This suggests that the onset of fast streaming is not only controlled by regulating Capu and Spire activities, but also by disassembly of the actin bundles. We also tested genes which are involved in actin regulation in the oocyte but do not induce premature streaming. For capulet, swallow and moesin mutants the formation of ectopic actin clumps has been reported reflecting defects in the organisation of the oocyte actin cytoskeleton (Baum et al., 2000; Meng and Stephenson, 2002; Polesello et al., 2002; Jankovics et al., 2002) . We confirmed the presence of ectopic F-actin in the oocyte cytoplasm in these mutants, but nevertheless we detected the formation cortical actin bundles (Fig. S2) . Thus, actin defects in the oocyte do not necessarily affect cortical actin bundling.
4.
Experimental procedures 4.1.
Fly strains
The following mutants were analyse: capu1 (Emmons et al., 1995) and chic1320 (Cooley et al., 1992) homozygous mutants, spire1 (Wellington et al., 1999) 
Latrunculin A treatment
For disruption of F-actin, ovaries were dissected in Graces insect medium (Sigma), and subsequently incubated for 45 min in Grace medium containing 2.8 lM latrunculin A (Molecular Probes) at room temperature. Treated ovaries were fixed and stained.
Immunohistochemistry
Ovaries were fixed for 10 min at room temperature in 8% methanol free formaldehyde (Polyscience) diluted in PBS. After 2 short washes in 0.1% PBT ovaries were blocked 1 h in 1%PBT containing 0.5% BSA. Incubation with the primary antibody was performed overnight at room temperature in 0.3% PBT with 0.5% BSA. After two short washes with 0.1% PBT, and one 1 h wash with 0.1% PBT containing 10% NGS, ovaries were incubated for 2 h with a secondary antibody coupled to Alexa flourochromes (Molecular Probes), and for Actin stainings with rhodamine coupled phalloidin (1:300), followed by a final wash with 0.1% PBT. We used the following antibodies: mouse anti-cTubulin (Sigma, 1:100), rat anti-aTyr-Tubulin (SeroTec, 1:3000), mouse anti-a-Tubulin 1:200 (Sigma, clone DM 1A, 1:200) and rabbit anti-Oskar (1:3000).
Mounting and sectioning
For whole mounts, stained ovaries were directly mounted in vectashield (Vector Laboratories). For sections, stained ovaries were separated on a coverslip in a droplet of 0.1% PBT under a Stereomicroscope. Individual egg chambers were sorted and stage was determined according to the size of the egg chamber, the ratio of nurse cells versus the oocyte and epithelial morphology. Selected egg chambers were transferred from PBT to a droplet of Aquapolymount (Polysciences) on the same coverslip, and PBT was removed with a tissue. Egg chambers were cut manually into two slices of approximately 60 lm thickness with a 0.40 · 20 mm injection needle (Sterican, Braun). Aquapolymount was polymerised over night at room temperature. On the following day, the coverslip was flipped upside down and mounted on a slide with Aquapolymount. After 4 h incubation Aquapolymount was polymerised.
Confocal microscopy and image analysis
All pictures were taken with a Leica SP2 confocal microscope. Fluorescence intensities from the oocyte cortex to the interior were measured by ImageJ v1.35 (National Institutes of Health, Bethesda, Maryland, USA, http://rsb.info.nih.gov/ij/). The measurement results were imported in an ascii format to the graphing and analysis program Origin Pro v6 (OriginLab cooperation, www.originlab.com). The intensities of the fluorescent signals were normalized by the maximum value. Pixels at the exterior border of cortex are set as zero in the pixel sequences. The graphs in Figs. 1 and 4 are plotted using pixel sequence (from the cortex to the centre as the X axes) and the normalized intensities of fluorescence signals (as Y axes). The full width at half maximum (FWHM), used to describe the width of the distribution curve, is defined by the distance between points on the curve at which normalized intensity value is 0.5.
Live imaging
For live imaging, 0.4% Trypan Blue dye in Graces insect medium was injected into the females abdomen. The dye was endocytosed with the yolk by the oocytes and labels late endosomes containing yolk granules (Danilchik and Denegre, 1991; Gutzeit and Arndt, 1994) . After 2 h incubation, the ovaries were dissected under halocarbon oil and covered with a YSI Do membrane (Yellow Springs Instrument, Ohio) for live imaging. For latrunculinA treatment, Graces medium containing 0.4% Trypan Blue and different concentrations of latrunculin A were injected. We analysed 12 egg chambers from females, in which 40 mM latrunculin A was injected and observed three cases with premature streaming. After injection of 100 mM latrunculin A, we analysed 4 egg chambers and identified premature streaming in all cases. Time-lapse movies were recorded with a Leica SP2 confocal microscope by taking images every 30 s. All movies are compressed to 232 · real time using QuickTime. Thus, 3.8 s of movie represents 15 min of real time.
